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INTRODUCTION 


_ Purpose 


~The journey -to work question will be asked for the first time in 
Canada. in.the Census of 1971. From this census, huge quantities of journey- 
to-work data, tabulated by counties, municipalities, census metropolitan 
areas, and census tracts, will be available. It is planned to represent 
these tabular data in-cartographic form to clarify the relationship between 
places of work and places of residence and to establish journey to work 
trends. The purpose of this paper, then, is to suggest mapping schemes for 
the various types of journey-to-work data which will be forthcoming from 


the 1971 Census. 


_ Procedure 

"Research was done on ‘books, articles, and reports in order to 

. determine: general -trends -and Niet tees concerning the journey to work. It 
was. then: possible -to suggest certain features which would be of interest to 
map in: prder-to-test -these ‘theories. ‘The sources were also researched in 

_ order. to: find-maps:showing journeys to work. These maps were studied and 

: coonllngeaath iy gid a ERS ees etn ee ei methods would be nose applicable 
- to. the: pertinent -data. 

“This: paper is divided into three parts. The first is a survey of 
- mapping methods -currently employed in journey-to-work literature; the second 
suggests maps-which -cauld be done using place-of-work data which will be 
available from -the_1971 Census; the third consists of practical rere 


for the illustration of the special census bulletin on the journey to work. 
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Part One: "Review of the Cartographic Machads peaigean the Representative of 
the Journey to Work". | 

From a study of journey-to-work maps, it is evident that the various 
methods of mapping can be broadly classified into two groups: (a) movement 
and (b) distribution. Thedrormeraconsistesof flow maps which use lines (with 
or without arrows) to show movement toward or away from the place of work. 
Distribution maps are static representations which use various symbols such ° 
as dots, circles, isopleths, and shading to show commuter Mripins or ecesti-= 
nations. In addition, there are a number of possibilities for combining 
these methods. 

The review of mapping methods was more developed than the examples 
given in this text. The maps. in: this paper have been ‘selected for their 


clarity and ease of reproduction (the latter since colour cannot be used, 


limiting the maps to black and white). — 


1.1 Movement 

Only when exact origins. and-destination af journeys to work are 
known is it possible to show patterns:>of-movement -by means oi flow maps. 
Solid lines, broken lines, or: arrows: have -been used -in various maps to show 
movement toward one place of work.(1) Map 1 demonstrates the use of "desire 
lines" to show movement -toward: the workplace destination. While this particular 
map has a legend to show that a certain width of a line represents a specified 
number of people, another variation: of this method adds the exact number of 
commuters to the origin end of the:-desire line.(2) It is feasible to combine 


these two ideas. 


For footnotes see page 15. 
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Cripps, E.L., and Foot, D.H.S. "A Land-use Model for Sub-regional 


Se, ot ee 


Planning", —Repional. PuUIdIcs, lil, No. 3 (Dee. 1969), ey Pepin 


fee Distribution 
There are various forms of distribution maps. rie 

One of the most basic methods of quantitative maps is the dot map. 
This method has been used in journey-to-work maps to show the residential 
origins of commuters. The main problem associated with this method is in 
deciding how many commuters to represent by one dot so as to prevent either 
extreme. clutter or-scatter. (3) 

Another method Ae ened ei ve mapping and somewhat more 
sophisticated than the Sinie dot map is the use of graded circles. Consid- 
eration must be given:to what size of circle will represent what number of 
people. and how many -grades of circles are desired. Graded circles have been 
used in romeo aroachoweche overlapping origins Ae alee going to 
Manchester and Liverpool. This map has a well-explained legend and is 

_-interesting, yet-is:simple ‘to understand. * 


-Graded-circkes -are often used in combination with shading ina 


mumber: of-ways. °For instance, graded circles and shading may respectively 
--represent: the- number -af -outcommuters and the percentage of resident employees 
which outcommutes,-or =the number of incommuters and the percentage of the work 
pLLorce sulan Sree Map 3 is an example of the first ee athe main 
--fault: to: be: found with -this -particular map is that the purpose of the shading 
is not well explained by the legend. 

Graded circles can furthermore be divided to show, for example, the 
proportion of resident workers that outcommute or the proportion of male versus 
female commuters. Map-4 is one example of the former. Divided circles are not 


effective. if too many divisions are attempted. 


For footnotes see page 15. 
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1.1449 migrants; 2. 50-99; 3. 100-199; 4. 200-399; 5. 400 et plus.1.143,9 %;11.4a 7,9 4%; 
II. 84 15,9 %; 1V. 164 31,9 %; V.324 64,9 %; Vi. 65 % et plus. 


Beaujeu-Garnier, Jacqueline, et Georges Chabot. Traité da 
Géogracnie Urbaine. Paris: Armand Colin. 


Map: 5: shows how graded ‘circles can be used to map the number of 
incommuters and outcommuters on the same map. 

The. isopleth map is a rather versatile method for mapping the 
distribution of commuters. Isopleths can be used to join places with equal 
numbers of commuters(5) or those places having a specified percentage of people 
commuting to.a metropolis.(6) They are used to show areas around a city which - 
send various percentages of ‘their work forces to the central city — e.g. COR 
5%, and 02(7) or there may simply be one isopleth around the city to show 
the outer limit of all commuters.(8) Furthermore, isopleths can be used to 
show the labour: shed-for one city at a time(9) or on a nationwide level. (10) 
Map 6 demonstrates-that -even at the national level several isopleths can be 
drawn around each metropolis. | 

As was the case with iscpleths, shading can likewise be used to 
show a number of: phenomena -including the number of commuters,(11) the number 
‘of -incommuters.as:a-percentage -af the total labour force, the number of 
outcommuters-as:a percentage af resident workers, and the number of outcommuters 
fto. a specific-city-as percentage of all commuters from an area.(12) The main 
problem. with: shading-is=a Lack -af clarity, Sometimes too many categories 
using different: patterns -af -dats, dashes, and lines, all in black and white, 
make the map. difficult -to-read; general trends become hidden in a clutter of 
detail. Colour may help-to solve this problem but could not be used in the 
present working paper. This therefore makes it essential to determine 
the proper number of breakdowns and shading designs. Maps 7 and 8 demonstrate 
that various impressions result from the number of possible ways of using 
shading; i.e., in the first, commuters to central London are expressed as a 


percentage of the total labour force in each area while in the second, they are 


For footnotes see page IS. 
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expressed. as. a percentage ‘of outcommuters.. The latter more strongly emphasizes 
London's role as a ore of er iommene for surrounding areas. 
1.3 Conclusion 

Oe tegrinstspart sore tnis paper has reviewed various methods of 
mapping journey-to-work data as they are found in the literature. In the 
second section, the feasibility of these methods will be tested by applying 


them to data similar-to that which will be available from the 1971 Census 


question on place of work. 
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Part Two: "Cartographic Approach to the joyiobahiad Tabulation Programme 
on Journey to Work". | 

. The. discussion of Part Two centres around sample tables which Se 
record the data of the 1971 Census; the problem is to determine methods of 
mapping. these data. eA Seer here are the most interesting for 
mapping geographical patterns but others which include socio-economic 
characteristics will also be available. 

As there are as yet no Canadian data available, maps of Canadian 
journey-to-work patterns are not yet feasible. Therefore data were obtained 
from two other sources in order to test the applicability of the methods 
discussed in’ Part One. “The 1966 Workplace Census of England and Wales was 
used: to: obtain data for mapping by counties and a study of owe Waterloo Area 
supplied data for mapping at the municipality level. Only the most successful 
attempts Eimer rn eladede ne tiie rt but the difficultiés arising from the 


less successful-maps will -be mentioned. 


2.l Tables by Counties-— (See Tables in Appendices. ) 
(a) Tables Not Giving Origins -and Destinations 

-The information compiled in Table 1 (a) is the "Place of 
eles eee Work" while Table 1 (b) tabulates "Place of 
Work: by Place :of Residence". The limitations of this information 
“must. be realized -before any attempt is made to suggest appropriate 

maps. The only place name given in Table 1 (a), for example, is 
- that of the county of residence; the number of people working out- 


side the county is tabulated, but there is no indication of the exact 


place of work. This lack of names prevents the use of flow maps which 
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obviously demand names. of:the:places ‘af both origin and destination. 


Therefore a method representing a static situation is required in this 
case. 

The method of divided and graded circles as described in Part 
One was attempted for_-England. Map 9 shows this method applied to 
incommuters. Due.to the variety of sizes of the counties, decision 
as to the size and number of graded circles was difficult. Because of 
the relatively few counties of over 1,000,000 in the labour force 
compared with the number under 500,000, circles towards the top of 
the scale are fewer and-represent wider population differences while 
there are more smaller: circles representing smaller differences. 

Shading was not used (by itself) in DaBDEne county data. If 
snading is used on a percentage basis (e.g. the percentage of resident 
employees which outcommutes)-there -is no indication of the number of 
outcommuters. ~ This: probiem-is overcome if grated circles are combined 
with shading as: shown.in Map-10. -It is important tp choose an appro- 
priate number of: divisions-for:shading groups and suitable designs to 
make the map easiily-understood. -Another map Gsimilar to Map 10) was 
attempted in which: graded-circles were used to represent the number 
in the labour force. instead of the number of outcommuters; however, 
the former better. demonstrated:the strength of outcommuting in certain 
areas. r 

Map iki tos on one map. The problem arises 
that, in some cases, the numbers of -in- and outcommuters are almost the 
same so that they should be-represented by the same size of circle. Le 


the same size of. circle-is used_for each, there is no rim left to indicate 
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which group predominates. -If it is attempted to show a rim, then the 
graded circles are not accurate. The main advantage of this method, 
however, is that in- and outcommuters can be represented on a single 
map. 
(b) Tables Giving Origins and Destinations 

Since actual place names are given in Tables 2 (a) and 2 (b) 
flow maps are feasible. iy 

Shading is not a very appropriate method when one is interested 
in showing flow. Only one county (and its interaction with surrounding 
counties) can be considered at a time. When shading is combined with 
graded circles, attention must still be focused on one particular county. 
Neither of these methods was used because of this limitation. 

Isopleths were of little interest because the county units are 
too large to show Serene Aan accurate commuting patterns. 

- A_map: of- desire _lines -in which the place of work was kept constant 
was attempted: for_England; -it was not included since it was very similar 
to Map Lyf Part: One. “The-number cof attractive counties must be limited 
to a few at: a: time: since otherwise confusion results from too many lines. 
It was also. difficuit-to-arrive at a suitable scale since the number of 
commuters ranged. from 100-to over 100,000. It was decided that counties 
sending fewer: than. 200-commuters would not be considered for three peetonee 
first, the problem of scale; second, to avoid too many lines; third, their 


relative insignificance. Arrows had to be added in a few cases in which 


there was some. confusion regarding the direction of movement. 
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9.2 Tables by Municipalities 


Data are tabulated -by municipalities in Tables 3 (a) and 3 (b). 
Since names. of municipalities are specified, flow maps are possible. —— 
The data used for the trial maps are taken from a Local Government Review 
of the Waterloo Area: Report of Findings and Recommendations « 

Map.12.is a flow map showing the number of people commuting to 


Kitchener. from- surrounding urban and rural municipalities. For a map 


v 


of a larger area, it would probably not be possible to retain this 
distinction between rural and urban. It is possible to have more than one 
attractive municipality on 4 map of a larger area, especially if they are 
far enough: removed from each other to prevent a clutter of lines. 
“An jsopleth map was attempted but was not of enough interest to 
be included. The main difficulty was that there were too few statistics 
: epy the: size: of-thezarea, the result being that Lt ween very difficult to 
know. exactly where ito -lacate the isopleth. The method would be of greater 
PuUcLiitty when municipalities are closer together (as would be the case on a 
_-emaller: scale-map). | 
-eraded-circles may -be used to show overlapping commuter origins 
Bey cwoumonicipalities as -in-Map 13. | 
“In Map -14-graded circles show the origin of commuters by rural 
and- urban municipalities. A graded circle placed in the geographical 
centre: ofa: rural municipality does not, unfortunately, give an accurate 
_4ndication. of commuter distribution within that municipality. a ihe) 
more, this method -is limited because only one municipality at a hea Retort 
be considered as the workplace destination. These same problems make the 


dot map unfeasible and such a map has not been attempted for these reasons. 
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In.Map 15 divided circles were used to show what proportion of 
outcommuters from each municipality commute:to Kitchener. 

Shading was also attempted but was Olelittlesinterest.. When a 
municipality is all one colour, it looks as though ‘commuting is equally 
significant throughout that Minicipalityssthiseis, itieract, jnoc the case. 
Shading was then combined with graded circles in Map 16. ‘Variations on 
this method were also attempted-— e.g. using colours for shading, and 
different colours or symbols to distinguish between rural and urban 


municipalities. 


2.3 Tables by Census Tracts 


2.4 


A variety of divided pecs re pote dato map data by CT, 

e.g. the number of Ane oc outcommuters as a proportion of foN number of . 
people living and working in the same CT, a breakdown of these in-or out- 
commuters into male and female; or: the number of -commuters may determine 
@heesize ofsthe circle and the division can show male-female proportions. 

re there is interest in one-CT_in:particular, e.g. the Central 
Business District as a centre of employment, -desire lines or graded circles 
can be used to show the origin of: these: employees. 


The methods shown or mentioned -for municipalities can also be 


used for census tracts since the tables will give origins and destinations. - 


Conclusion 

In this section, some of. the problems of mapping journey-to-work 
data (as they will be tabulated following the 1971 Census) have been dis- 
cussed and pateee of some of the more successful maps have been included. 


Part Three will deal with applying these methods to the mapping programme in 
forthcoming Canadian census bulletins. / 
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Part Three: "Recommendations: for-the Publication cof Maps on the Journey to 


Work Prepared by the Geography Section", 


This section deals with recommendations for the maps which will 
accompany the special bulletin on the place of work; the latter will be 


one of the publications: following the 1971 Census. 


3.1 Limitations of the Programme 


In making final decisions regarding which types of maps can be used 

for publication, certain limitations must be kept in mind. 

First, there is a limitation on the level at which mapping will 
be carried out. --It is. intended:to publish place-of-work information in four 
volumes corresponding: to: the-four LO ads Altantic Provinces, Quebec, 
Ontario, and the Western Provinces eyAnganalyois or the scale or map) toibe 
presented in this type of bulletin has already been done by D. Miller-Ion 
when she designed the: cartographic -pragramme for the ee erin of maps on 
population increase.(1) ~ In: order -to -get -the maximum clarity for information 
on municipalities and: still have:a manageable size, she selected the following 
scales: 1:4,000,000- for- the-Atlantic -Provinces., 1:2.,000,000 for Quebec, 
1:3,370,400 for Ontario,:and_1:6,336,000 for the Western Provinces. Her 
suggestions will be accepted as-:such. Therefore, the scale of the maps will 
be quite small and: this will .limit :the detail which can be shown. Further- . 
more, the number of maps should be Limited to one map for each type of table — 
one for county without movement, one for county with movement, and one for 
municipality; this means: that -:the total publication programme will be conm- 
prised of 12 maps.- Thus each of these maps should be as Sientficant aa 
possible. Therefore, maps must be general enough to deal with data on a small 


scale but specific enough to be of interest. Secondly, there is the’ limitation 


(1) This study is available at the Geography Section. 
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of time. Tabulation print-outs will-nat be available until April of 1972. 
Following this, the selection of origin— destination for publication, typing, 
printing, etc. will take another:few months. The preparation of maps should 
not take longer than the selection of origins and destinations. Thirdly, 
this limitation of time leads to another Limitation — that of calculations. 
Lastly there is a limitation concerning techniques. Maps must be simple in 
design; they will probably use black and white even though colour could be 
used if necessary; these factors help ‘to speed up the time needed for pub- 
lishing while decreasing the cost. 

In light of. the above limitations, computer mapping could be avail- 
able. It is possible. to make:some -preparations. long before data are received; 
e.g., the outline and- reference points ‘for data for each of the four regional 
maps. Once established, these can be used over and over again. Furthermore, 
any number of maps could be. run off, altering categories of grouped data to 
see which maps are: the best. ~All -inzall computer mapping is very feasible 
in view of the time. constraint. 

There could: perhaps be-some:sart of compromise between the two types 
of mapping (i.e.,. computer:and-traditional) according to the demands of each 
map. 

Mapping Table 1 

In Tables. 1 {a)-and.1 (b) -there are many ways of en vine with out-.— 

commuters or incommuters. -For-example, -a graded circle could show the num- 


ber of resident workers and-part of that circle could show the portion of out- 


commuters (e.g. Map 9) or.incommuters could be shown as a portion of the total 
| 


labour force. A combination of graded circles and shading can also be used 


for either table. (See Map 10.) In view of the limitations explained in the 
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previous paragraph, these methods are feasible on the basis of simplicity, 
cost, and scale although not as much so with regard to time. However, if 
there is only one map per type of table, only in- or outcommuters could be 
dealt with, not the two at the same time. This could be overcome by using 
another method. Graded circles can be drawn. for both-.in- and outcommuters 
(one white, one black) and drawn one inside the other. (See Map 11.) The 
advantages and disadvantages of the method have already been mentioned (in 
Part Two, pp. 7, 8). This map requires traditional methods but minimum cal- 
culations and a total of only 264 symbols. 

3.3 Mapping Table 2 

Tables 2 (a) and 2 (b) also deal with data-by counties. Since origins 

and destinations are known, it is possible to show movement, 

A combination of graded circles and shading may be used. One could, 
for example, Aen the number of outcommuters: from-each county and the per- 
centage of the resident labour force which outcommutes. “However, such mapping 
can be done using the data of Tables 1 fa)zand!1 {b);zice., <a static represent 
ation. Therefore, although this ig an interesting -methad -af mapping: it is 
not uniquely applicable to these tables. 

Isopleths could also be used. although: there «are :several difficulties. 
First, the use of isopleths involves calculations. -Secondly, central 
Pounties of actraction only could be dealt with. “These could be chosen from 
the mapping of Tables 1 yeandiie(b).) othirdly, tC wautd be difficult to deter- 
mine exactly where to draw the isopleths due-to the large sizes cf some of 


the counties. . These disadvantages would seem to discourage the use of is0- 


pleths for counties. However, isopleths may be more feasible in this case 


if done using computer methods. 
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Desire lines could be used in some cases, specifically in the Eastern 
and Central provinces. However, in the West, counties are so large that de- 
sire lines at this level would show little interaction. “hd; 

A system combining graded circles and arrows can also be used. 
First, mapping would have to be limited to those counties which were attrac- 
tive (i.e., those counties, as seen by mapping Tables 1 (a) and 1 (b) which 
have more incommuters than outcommuters). The graded circles would then repre- 
sent the number of incommuters into each county while graded sizes of arrows 
would show from which direction the commuters were coming. Even having 
limited such mapping to attractive counties, however, there may still be 
problems of clutter; for example, drawing a graded circle in one county at 
the same-time as one is trying to draw an arrow out of that county" This 
problem could be eliminated if circles were dropped entirely and only the 
arrows were used. . - 

“Ef -the mapping were not limited to black and white, colouring could 
be very-useful.. ‘For example, a graded circle could represent the number of 
outcommuters whike tthe circle could be divided by colours to show the various 
destinations. This could only be done on a limited, regional level. 

“Of -the above suggestions the method of using arrows and attractive 
counties (as defined by the cartographic method (sad for Table 1) may be the 
best, both origins and destinations being limited. 

Mapping Tabte 3 
Tables 3 (a) and 3 (b) deal with movement of workers at the munici- 


pality -level. 


‘Desire lines may be of use in mapping these tables. However, since 


mapping both urban and rural municipalities would result in too many lines, 
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the urban-and rural municipalities should be added together (i.e., add out- 
commuters. from_urban municipalities within one rural municipality with those 
from the rural Ane eOW Furthermore, there will have to be a limit set 
on the number of ere with which one is interested. This will be a 
minimum figure and will be dependent upon the census results. No matter how 
we limit the numbers, there is still bound to be crossing of lines, especially 
in Southern Ontario. This is not necessarily bad, however, as this interaction 
is exactly the phenomenon with which we must concern ourselves in this case. 

Isopleths could be used in mapping these data. Again, however, cal- 
culations would have to be made if traditional mapping methods are used. 
Furthermore, one runs into ‘the problem of distinction being made between urban 
and: rural municipalities. In such a case, the best solution may be to add 
together urban and rural communities (as above). One will then be presented 
with the problem of exactly where to draw the isopleth._ However, the choice 
of. isopleths-can~be made “by computer. A different map can be prepared for 
several percentages of outcommuters going to the urbanized core of the nearby 
CMA: as: a percentage -of -the total labour force or as a percentage of all out- 
commuters. |Once:a-base map is made for computer mapping and data points laid 
down,. isopleths -drawn -by computer will be much easier than those: by hand. 
For publication purposes, a selection of the most characteristic isopleths 
should be-done. 

“These, then, are the conclusions concerning publication: Table lL 


by county, two circles (static); Table 2 by county, desire line (dynamic) ; 


Table 3 by municipality, isopleths by computer mapping. 
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General Conclusions on the Essay 


This project on the cartographic representation of journey-to-work data 
is a preliminary study on a new question. For this reason, it has been largely 
theoretically oriented.and should be followed by more practical analysis. The 
question of "what" to map has-been specified; it is the "how" of mapping that 
remains to be done in more detail. As the methods discussed in this paper are 
attempted, further advantages and disadvantages will be discovered. This 
process of experimentation will be a most valuable way of determining the best 


cartographic techniques to apply to journey-to-work data. 
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TABLE 1 (b). -Employed Labour Force by Sex, Showing Usual Place of Work 
by Usual Place of Residence for Counties and 
Census Divisions, 1971 


Total bea : 
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TABLE .2 (a). Employed Labour Force by Sex, Showing Usual 
Place of Residence by Usual Place of Work joe 
for Census Divisions, 1971 


Usual place of residence 
by 
usual place of work 
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TABLE 2 (b). Employed Labour Force by Sex, 
Showing Usual Place of Work by 
Usual Place of Residence far 
' Census Divisions, 1971 


Usual place of work 
by Total 
usual place of residence 
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TABLE 3 (a). Employed Labour Force by Sex, Showing Usual Place ort 
Residence by Usual Place of Work for Census 
Subdivisions, 1971 


Usual place of residence 


by Female 
usual place of work 
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TABLE 3 (b). Employed Labour Force by Sex, Showing 
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Usual Place of Work by Usual Place of oe 
Residence. for Census Subdivisions, 1971 


Usual place of work 


by 
usual place of residence 


Female 
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